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(54) Output control circuit for transmission power amplifying circuit 



(57) A higher output of two outputs from a trapezoi- 
dal wave generating circuit 4 and a pulse generating cir- 
cuit 5 is produced. The control voltage signal is formed 
by combining the trapezoidal wave signal and the pulse 
signal. Sharp rising and falling edges of the pulse voltage 
are selected for controlling the transmission power 



amplifying circuit 1 in a voltage range below a predeter- 
mined voltage level, whereas gentle rising and falling 
edges of the trapezoidal wave signal are used for con- 
trolling the circuit 1 in a voltage range above that voltage 
level. 
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Description 

The present invention relates to an transmission 
power anplifying circuit and, more particularly, to an out- 
put control circuit for amplifying the digital signals such s 
as a digital radio transmitter. 

In a radio transmitter of a TDMA system using a 
modulation system in which FM or other modulation car- 
rier signals have certain envelope in general, the inter- 
mitted transmission of the power signal having sharp rise 10 
and fall waveform edges such as a burst signal causes 
a spread of the transmission power spectrum due to the 
abrupt change of the carrier wave amplitude at the rising 
and falling edges. This results in undesirable influence 
to the adjacent channels such as inter modulation. is 

Attempts have been made to mollify such sharp ris- 
ing and falling edges by controlling the signal waveform. 
For example, Japanese Patent Laid-Open No. 59- 
226519 proposes a circuit as illustrated in Fig. 5 of the 
accompanying drawings for such purpose. Referring to 20 
the circuit diagram, a rectangular burst signal is applied 
to a burst signal input terminal BIN in response to a burst 
carrier signal. Upon receiving the burst signal, a control 
waveform with a gentle change in time is produced by a 
waveform generating circuit 1 4 to control a control circuit 25 
12. 

On the other hand, the burst carrier signal from the 
irput terminal IN is amplified by the preamplifier 1 1 and 
supplied to a power amplifying circuit 13 as an input sig- 
nal having an envelope similar to that of the control wave- so 
form. The envelope of the input signal is modified to 
make the gentle rising and falling slope waveform around 
the operation range of the power amplifying circuit 
thereby suppressing the spread of spectrum. 

Japanese Patent Laid-Open Publication No. 5- 35 
316012 discloses another method of suppressing the 
spectrum spread by using a control voltage having a trap- 
ezoidal waveform to produce the envelope of the trans- 
mission output signal having the trapezoidal waveform 
with rising and falling edges of desired slopes. *o 

While a number of methods including the above 
cited methods have been proposed to suppress the 
spectrum spread by using gentle rising and falling edges. 
However, these methods merely try to make the rising 
and falling edges gentle, causing the following problems. 45 
It is true that the gentle rising and falling edges sup- 
presses the spread of the power spectrum. More gentle 
rising and falling edges necessitates a considerably 
longer time to obtain a predetermined level of the trans- 
mission power signal, degrading the output response sc 
time characteristic- It is therefore determine the slope 
degree of rising and falling edges on the basis of the rela- 
tionship between the spread of the power spectrum and 
the output response time characteristic in the prior meth- 
ods. As a result, it is very difficult to set a sufficient gen- si 
tleness of the rising and falling edges to suppress the 
spectrum spread within a desired level. 

It is therefore an object of the present invention to 
provide an output control circuit for a transmission power 



arrplifying circuit capable of sufficiently suppressing the 
spread of the power spectrum and improving the output 
response time characteristic. 

According to the present invention, a control voltage 
signal for controlling the transmission power amplifying 
circuit is formed by combining a trapezoidal wave signal 
and a pulse wave signal. The pulse wave signal having 
sharp rising and falling edges is used as the control sig- 
nal to control the transmission power amplifying circuit 
in a voltage range below a predetermined power level, 
whereas a trapezoidal wave signal having gentle rising 
and failing edges is used as the control signal to control 
the transmission power amplifying circuit in a range 
above the predetermined level, thereby effectively sup- 
pressing the spread of the power spectrum at a high 
power output level and improving the output response 
time characteristic or reducing the output response time. 

According to an aspect of the present invention, 
there is provided an output control circuit for a transmis- 
sion power amplifying circuit designed to amplify the 
power of an input signal in response to a control signal 
waveform comprising: a trapezoidal wave generating cir- 
cuitfor generating a trapezoidal wave signal having rising 
and falling edges gentler than those of a burst signal; a 
pulse generating circuit for generating a pulse signal hav- 
ing a sharp rising edge in synchronization with corre- 
sponding rising edge of the burst signal and a sharp 
felling edge slightly delayed from corresponding falling 
edge of the burst signal; and an adder for producing 
either the trapezoidal wave signal or the pulse signal, 
whichever having a higher level, as the control signal. 

According to another aspect of the present inven- 
tion, there is provided an output control circuit for a trans- 
mission power amplifying circuit designed to amplify the 
power of an input burst signal in response to a control 
signal comprising: a first circuit for producing a trapezoi- 
dal waveform signal waveform which rises in response 
to the rising of the input burst signal; a second circuit for 
producing a pulse signal waveform which rises in 
response to the rising of the input burst signal; a third 
circuit for selectively outputting a higher level output of 
the outputs from the first and second circuits; a fourth 
circuit for detecting an output level of the transmission 
power amplifying circuit; and a fifth circuit for producing 
a difference between the outputs of the third and fourth 
circuits as the control signal. 

Other objects and features will clarified from the fol- 
lowing description with reference to attached drawings. 

Now, the present invention will be described by refer- 
ring to the accompanying drawings that illustrate a pre- 
ferred embodiment of the present invention. Fig. 1 is a 
block diagram of an embodiment to be suitably used for 
a transmission power amplifying circuit having an auto- 
matic output control function. Referring to Fig. 1 , a mod- 
ulated transmission signal is supplied to a transmission 
power amplifying circuit 1 through a high frequency sig- 
nal input terminal IN and amplified therein. The amplified 
signal is then outputted from an output terminal OUT 
The amplif ication degree of the transmission power 
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amplifying circuit 1 is controlled by a control voltage V APC 
supplied to an output control terminal 1 A provided in the 
circuit 1 . Note that the degree of amplification or the out- 
put level of the transmission power amplifying circuit 1 is 
automatically controlled as will be described below. More 
specifically, part of the output signal outputted from the 
output terminal OUT is extracted and detected by a diode 
detector circuit 2 as a voltage corresponding to the out- 
put power level. Thus detected voltage is then supplied 
to one of a pair of input terminals of a comparator 3 as 
a detection voltage V^. The voltage produced by the 
comparator 3 is used as a control voltage V APC for the 
transmission power amplifying circuit 1 . 

On the other hand, a burst signal input terminal BIN 
for receiving a burst signal is connected to a trapezoidal 
wave generating circuit 4 and a pulse generating circuit 
5. In response to the rising and falling edges of the burst 
signal, the trapezoidal wave generating circuit 4 gener- 
ates a trapezoidal wave having gently inclined rising and 
falling edges of a required voltage level. While any circuit 
configuration adapted to generate the trapezoidal wave 
may be used for the purpose of the present invention, an 
integration circuit may be used to generate a wave sub- 
stantially equivalent to the trapezoidal wave in this 
embodiment. The trapezoidal wave generating circuit 4 
can generate a trapezoidal wave having desired gentle 
slope by controlling certain parameters. 

The pulse generating circuit 5 generates a pulse sig- 
nal which rises in synchronization with the correspond- 
ing rising edge of the burst signal and falls with slightly 
delayed time from the corresponding falling edge thereof. 
Thus, the pulse signal having a pulse width longer than 
that of the burst signal is obtainable. The pulse generat- 
ing circuit 5 is capable of arbitrarily setting the signal volt- 
age level to a level lower than that of the trapezoidal wave 
generated by the trapezoidal wave generating circuit 4. 
A low-pass filter 6 is connected to the output of the trap- 
ezoidal wave generating circuit 4 to remove high fre- 
quency components from the trapezoidal wave 
generated by the circuit The outputs of the low-pass filter 
6 and the pulse generating circuit 5 are supplied to an 
adder 7. The output of the adder 7 is then supplied to the 
other input terminal of the comparator 3 as the reference 
voltage V ref . 

As seen from Fig. 2, the adder 7 comprises opera- 
tional amplifiers OP1 and OP2 for receiving respectively 
the trapezoidal wave signal and the pulse signal, resis- 
tors R1 through R5 and diodes D1 and D2. The input 
voltages of the trapezoidal wave signal and the pulse sig- 
nal are compared by feeding back the outputs of the 
operational amplifiers OP1 and OP2 and produces a 
higher voltage of the two input voltages, as the output of 
the adder 7. 

More specifically, assuming that a 3V trapezoidal 
wave signal as shown in Fig. 3(a) and a 1 .5V pulse signal 
as shown in Fig. 3(b) are supplied to the adder 7, the 
higher voltage is produced so that the pulse signal hav- 
ing a sharp rising edge is produced as the output signal 
of the adder in the initial stage of the rising edge until 



time t-, , when the rising edge exceeds the 1 .5V level the 
output signal of the adder is switched to the trapezoidal 
wave signal. From then on, the adder 7 continues to pro- 
duce the trapezoidal wave signal as its output until its 
5 voltage falls below the 1 .5V level at time t 2 . when it is 
switched back to the pulse signal having the sharp falling 
edge. 

The circuit having a configuration as illustrated in 
Fig. 1 operates in a manner as described below. As the 

io burst signal illustrated in Fig. 4(a) is supplied to the input 
terminal BIN, the trapezoidal wave generating circuit 4 
generates the trapezoidal wave signal having a prede- 
termined voltage level as shown in Fig. 4(b) as its output. 
The trapezoidal wave signal is then supplied to the low- 

is pass filter 6, where high frequency components are 
removed to produce the trapezoidal wave signal having 
gentler slopes. 

On the other hand, as the burst signal shown in Fig. 
4(a) is supplied to the pulse generating circuit 5, a pulse 

20 signal having a pulse width wider than that of the burst 
signal and a voltage level lower than that of the trapezoi- 
dal wave signal is produced. Supplied with the trapezoi- 
dal wave signal and the pulse signal, the adder 7 
produces a trapezoidal wave signal having a desired pro- 

25 file as shown in Fig. 4(e). This trapezoidal wave signal is 
thereafter supplied to the comparator 3 as the reference 
voltage V rQf . The comparator 3 produces a difference 
between the reference voltage V ref and the detection 
voltage V det obtained by the diode detector circuit 2. This 

30 difference is supplied to a control terminal 1 A of the 
transmission power amplifying circuit 1 as the control 
voltage V APC to control the output of the circuit 1 . 

Thus, the transmission power amplifying circuit 1 
amplifies the high frequency signal to an extent of ampli- 

35 f ication that corresponds to the trapezoidal wave signal 
having the desired profile. Note that the control voltage 
has a sharp rising edge corresponding to that of the 
pulse signal in the initial stage of rising and then shifts 
to gentler rising edge corresponding to that of the trape- 

40 zoidal wave signal in the latter stage of rising as typically 
illustrated in Fig. 4(e). Accordingly, while the transmis- 
sion power spectrum is spread in the initial stage of ris- 
ing, such spread of spectrum may not be caused in any 
significance because of its low output level. When the 

45 output level is increased, the spectrum spread can be 
effectively suppressed as the control voltage is switched 
to the gentler rising edge of the trapezoidal wave signal. 

The above description may also be applied to the 
case of falling edge of the control voltage. In the initial 

so stage of falling edge of the control voltage, the gentler 
inclination of the trapezoidal wave signal is selected for 
the falling edge to effectively suppress the spread of the 
spectrum until the voltage level goes below a given level, 
and the sharp falling inclination of the pulse signal is 

55 selected thereafter. Consequently, the operation of the 
transmission power amplifying circuit 1 is dominated by 
the sharp rising and falling edges of the pulse signal in 
a voltage range below the predetermined voltage level, 
and by the gentle rising and falling edges of the trape- 
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zoidal wave signal in a voltage range higher than that the 
predetermined voltage level, the response time charac- 
teristic of the transmission power signal is improved and 
the spectrum spread is effectively suppressed. 

In practice, priority may be given to either the sup- 
pression of the spread of transmission power spectrum 
or the improvement of output power response time char- 
acteristic, or to the both, taking their balance into account 
by appropriately controlling the inclination of rising and 
falling edges of the trapezoidal wave signal generated by 
the trapezoidal wave generating circuit 4 and the pulse 
wave signal generated by the pulse generating circuit 5 
on the basis of the operating conditions of the transmitter, 
and the extent of amplification and the output level of the 
transmission power amplifying circuit 1 . While the trans- 
mission power amplifying circuit 1 of the above embodi- 
ment has an automatic output control function, it may 
alternatively be so arranged that the output of the adder 
is directly applied to the control terminal of the transmis- 
sion power amplifying circuit 

As described above, the control voltage signal for 
controlling the transmission power amplifying circuit is 
formed by combining the trapezoidal wave signal and the 
pulse signal. The pulse signal is selected for the control 
vottage signal in the initial stage of rising edge and then 
the trapezoidal wave signal is selected in the latter stage 
of rising edges, whereas the trapezoidal wave signal is 
selected in the initial stage of falling edge and then the 
pulse signal is selected in the latter stage of falling edge. 
Any possible spread of the transmission power spectrum 
can be effectively suppressed by the trapezoidal wave 
signal while the output response time can be reduced by 
the pulse signal. 

Particularly, by selecting the voltage level of the 
pulse signal to a val ue smaller than that of the trapezoidal 
wave signal, sharp rising and falling edges of the pulse 
signal can be used for the control voltage in a voltage 
range below a predetermined level, whereas gentle ris- 
ing and falling edges of the trapezoidal wave signal can 
be used therefor, suppressing the wide spread of the 
transmission power spectrum in the case of high output 
and reducing the output response time. The inclination 
of rising and falling edges can be further mollified and 
hence the possible spread of the transmission power 
spectrum can be more effectively suppressed by con- 
necting a low-pass filter to the output of the trapezoidal 
wave generating circuit in order to remove high fre- 
quency components of the trapezoidal wave signal. Fur- 
thermore, the operation of the transmission power 
arrplifying circuit can be stabilized by adding a detector 
for detecting the output of the transmission power ampli- 
fying circuit and a comparator for producing the differ- 
ence between the output of the adder, which is used as 
a reference voltage, and that of the detector and by using 
the output of the comparator as the control voltage for 
the transmission power amplifying circuit. 

Changes in construction will occur to those skilled 
in the art and various apparently different modifications 
and embodiments may be made without departing from 
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the scope of the invention. The matter set forth in the 
foregoing description and accompanying drawings is 
offered by way of illustration only. It is therefore intended 
that the foregoing description be regarded as illustrative 
5 rather than limiting. 

Claims 

1. An output control circuit for a transmission power 
w amplifying circuit designed to amplify the power of 
an input signal in response to a control signal wave- 
form comprising: 

a trapezoidal wave generating circuit for gen- 
erating a trapezoidal wave signal having rising and 
is falling edges gentler than those of a burst signal; 

a pulse generating circuit for generating a 
pulse signal having a sharp rising edge in synchro- 
nization with corresponding rising edge of the burst 
signal and a sharp falling edge slightly delayed from 
20 corresponding falling edge of the burst signal; and 
an adder for producing either the trapezoidal 
wave signal or the pulse signal, whichever having a 
higher level, as the control signal. 

25 2. The output control circuit as set forth in claim 1, 
wherein the pulse generating circuit generates a 
pulse signal having a voltage level lower than that of 
a corresponding trapezoidal wave signal generated 
by the trapezoidal wave generating circuit. 

30 

3. The output control circuit as set forth in claim 1 or 2, 
wherein a low-pass filter for removing high fre- 
quency components from the trapezoidal wave sig- 
nal is connected to the output of the trapezoidal 

35 wave generating circuit 

4. The circuit as set forth in claims 1, 2, or 3, further 
comprising a detector for detecting an output of the 
transmission power amplifying circuit and a compa- 

40 rator for obtaining a difference between the output 
of the adder to be used as a reference voltage and 
the output of the detector and outputting the differ- 
ence as the control signal. 

45 5. An output control circuit for a transmission power 
amplifying circuit designed to amplify the power of 
an input signal in response to a control signal wave- 
form, the control signal waveform comprising a first 
waveform having a sharp rising edge, a second 

so waveform having a gentle rising portion, a constant 
level portion and a gentle falling portion connected 
in this order, and a third waveform having a sharp 
falling edge, the first, second and third waveforms 
being connected in this order. 

55 

6. The output control circuit as set forth in claim 5, 
wherein the first and third waveforms are pulse 
waveforms and the second waveform is a trapezoi- 
dal waveform. 



4 



7 EP 0 720 286 A2 

7. The output control circuit as set forth in claim 5 or 6. 
wherein the connected portions between the rising 
portion and the constant level portion, and between 
the falling portion and the constant level portion are 
connected in smoothened manner. 5 

8. An output control circuit for a transmission power 
amplifying circuit designed to amplify the power of 
an input burst signal in response to a control signal 
comprising: 10 

a first circuit tor producing a trapezoidal wave- 
form signal waveform which rises in response to the 
rising of the input burst signal; 

a second circuit for producing a pulse signal 
waveform which rises in response to the rising of the is 
input burst signal; 

a third circuit for selectively outputting a 
higher level output of the outputs from the first and 
second circuits; 

a fourth circuit for detecting an output level of 20 
the transmission power amplifying circuit; and 

a fifth circuit for producing a difference 
between the outputs of the third and fourth circuits 
as the control signal. 

25 

9. The output control circuit as set forth in claim 8 . fur- 
ther comprising a low pass filter inserted between 
the first and third circuits. 

1 0. The output control circuit as set forth in claim 8 or 9, 30 
. wherein the second circuit is an integration circuit. 
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(54) Output control circuit for transmission power amplifying circuit 



(57) A higher output of two outputs from a trapezoi- 
dal wave generating circuit 4 and a pulse generating cir- 
cuit 5 is produced. The control voltage signal is formed 
by combining the trapezoidal wave signal and the pulse 
signal. Sharp rising and falling edges of the pulse volt- 
age are selected for controlling the transmission power 



amplifying circuit 1 in a voltage range below a predeter- 
mined voltage level, whereas gentle rising and falling 
edges of the trapezoidal wave signal are used for con- 
trolling the circuit 1 in a voltage range above that voltage 
level. 
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